Using the Bodwin{Braaten{Lepage factorization theorem in heavy quarkonium decay and production processes, we calculated matrix elements associated with S-and P-wave bottomonium decays via lattice QCD simulation methods. In this work, we report preliminary results on the operator matching between the lattice expression and the continuum expression at one loop level. Phenomenological implications are discussed using these preliminary MS matrix elements.
Using the Bodwin{Braaten{Lepage factorization theorem in heavy quarkonium decay and production processes, we calculated matrix elements associated with S-and P-wave bottomonium decays via lattice QCD simulation methods. In this work, we report preliminary results on the operator matching between the lattice expression and the continuum expression at one loop level. Phenomenological implications are discussed using these preliminary MS matrix elements.
Heavy quarkonium decay rates can be written as a sum of factorized products of perturbative coe cients and non-perturbative matrix 
for the electromagnetic decays, where is a factorization scale and f n 's are the coe cients from four-fermi vertices.
For the case of bottomonium decays, we have calculated the lattice regulated matrix elements in this factorization theorem 2], using the leading order non-relativistic QCD lagrangian
The matrix elements in which we are interested are : 
for the S-wave case and
(12) h 8 y T a y T a ;
(13) for P-wave. Here, we dicuss our preliminary results on the renormalization of these operators (full details will be reported elsewhere 4]).
Firstly, we derive Feynman rules for our lattice lagrangian upto O(g 2 ) from the lattice quark propagator, G(x; t + 1) = (1 H 0 =2n) n U y (x; t)(1 H 0 =2n) n G(x; t) + x;0 t+1;0 ; (14) with G(x; t) = 0 for t < 0 and H 0 = 2 =2M 0 E sub ( is lattice covariant derivative, E sub = 3(1 u 0 )=M 0 , u 0 = h0j 1 3 TrU plaq j0i 1 4 ; n = 2). Then, using these Feynman rules, we calculate one loop renormalization of the operators, (10) { (13).
Necessary Feynman diagrams for the part of D 2 which contributes to the mixing with the continuum operator I are given in Fig 1. A dotted line means the temporal component of the gluon eld and a wavy line means the spatial component of gluon eld (in the following gures, we use the same convention). a) has the lattice r 2 vertex, b) has the g 2Ã2 vertex, and c) is the tadpole contribution. After nding analytic expressions for these diagrams, we takep (external momentum) ! 0(except the tadpole contribution) to pick out pieces for the continuum I. The nite renormalization of the operator, I, is given by the Feynman diagrams of Fig 3. Both a) and b) have y vertex. Again, to get the nite renormalization of I, we setp = 0 in the analytic expression for the Feynman diagrams. Expansion of these Feynman digrams in terms of the external momentum tells us that this operator mixes with continuum r 2 at order O( s v 2 ) (actually, both lattice D 2 and I mix with all continuum terms in arbitrary powers of v 2 ). However, since s v 2 , this e ect is in higher order of s and we neglect such mixing e ect to be consistent with the order we are calculating. -0.0060293(9) ( g 6a+6b+6c+6d) log 0.0013 momentum, these diagrams have a logarithmic infrared divergence. Therefore, these digrams need extra care. We subtract logarithmic divergent piece from the analytic expression of these diagrams if P i p 2 i 2 when the integral is evaluated numerically. The last entry in Table 1 is the di erence between the logarithmically divergent piece which we use in the subtraction and that for the MS expression.
After we get the analytic expression for the Feynman diagrams we listed in the above, we evaluate the integrals numerically by use of VEGAS. Table 1 The remaining work is the scale setting for each integral listed in the above and the work is currently in progress 4].
